The synthesis of (Z)-civetone (1) is described starting from oleic acid (5) via a series of reactions, intermolecular olefin self-metathesis, bromination/dehydrobromination into acetylene, semi-hydrogenation and intramolecular Dieckmann macrocyclization.
Macrocyclic ketones of animal origin and lactones of plant origin 1-4 ( Figure 1 ) occupy special and precious status among other perfumery ingredients [1] . Because of their characteristic and persistent noble musky odor, these macrocyclic compounds have been used as a base note of a variety of high quality perfumery products. In spite of strong needs in the perfumery industry, supply of civetone (1) and muscone (2) from nature is limited due to the protection of animals by the Washington Convention. Thus, supply by chemical synthesis is highly expected.
Civeteone (1) , a 17-membered (Z)-olefinic ketone, is found in the glandular secretion of civet cats, which inhabit Africa [2]. Though various synthetic challenges of muscone (2) have been reported [1] , synthetic efforts to civetone (1) have not been recorded so far. In view of the importance of this compound as a perfumery ingredient, we revisited the synthetic study of (Z)-civetone (1) in search of a more efficient protocol.
Classically, syntheses of civetone (1) were carried out by either intramolecular Dieckmann condensation [3a] or diketene formation [3b]. Pioneering work on olefin metathesis reactions employing tungsten [4] or rhenium [5] complex has been applied for synthesis of civetone (1) . Subsequently, development of catalysts by Grubbs and Schrock made macrocyclization by olefin metathesis (RCM) more accessible. However, only two syntheses of natural (Z)civetone (1) have been reported to date. One employed alkyne metathesis, followed by cis-hydrogenation of the acetylene [6] , and the other employed Lewis acid mediated intramolecular Dieckmann condensation from (Z)-olefinic dicarboxylic acid prepared by microbial oxidation [7] . The former synthesis employed either Schrock tungsten alkylidene complex or molybdenumhexacarbonyl/phenol catalyst, though introduction of methylacetylene units to both termini of the RCM substrate becomes a barrier to larger scale preparation. The latter synthesis employed more than an equivalent amount of titanium alkoxide in dichloromethane for the Dieckmann condensation, in moderate yield.
Thanks to the development of olefin metathesis chemistry, catalysts for the reaction are now common and commercially available. For starting material, cheap oleic acid (5) is the most suitable, because some long chain olefinic alcohols or acids are expensive and not available in larger quantity. Though Mol et al. reported several efficient protocols for the intermolecular olefin metathesis reaction of oleic acid derivatives [8], we started from the olefin metathesis of neat oleic acid (5) developed by Foglia et al. [9] due to applicability to larger scale preparation. The reaction was carried out with Grubbs Ru catalyst at 45°C without solvent, in which the product, dicarboxylic acid 6, precipitated at this temperature from oleic acid (5) during the reaction to make the reaction physically irreversible. Actually, the reaction condition was reproducible and with 0.001 mol% of Grubbs 2 nd generation catalyst, the dicarboxylic acid 6 [10] was obtained in 44% yield after 7 h. The rest of the product was recovered oleic acid (5) . The geometry of the double bond was assigned by NMR peaks of the olefinic protons to be a mixture of E/Z isomers in a ratio of 96:4 (Scheme 1).
Then, the E double bond was transformed into a Z double bond by catalytic semi-hydrogenation. Bromination of the dicarboxylic acid 6 proceeded quantitatively to give the dibromide 8 [11] , which was de-hydrobrominated with potassium t-butoxide in refluxing toluene to provide a mixture of acetylene 9 [12] and allene 10 [13] (Table 1 , Entry 1). The ratio was determined by NMR to be 90:10 after esterification into 12a [15] . Though the acetylene 9 had already been prepared in DMSO by Song and Narine in their synthesis of substituted aromatic compounds in a ratio of 2 Entry 4) were effective for the subsequent dehydrobromination of the vinylbromide 11. Fischer esterification of the diacid 9 provided the diethylester 12a in 84% overall yield from the dibromide 8. Lindlar hydrogenation of the ethylester 12a proceeded without any problem to give the Z-olefinic diester 13a [16] and its isomers as an inseparable mixture, in which the ratio could not be determined at this stage. In a similar manner, the acetylenic di-t-butylester 12b [17] and the (Z)-olefinic di-t-butylester 13b [18] were prepared.
As pointed out by Choo et al., hydrolysis of the diethylester 7a and 12a into dicarboxylic acid was the major issue on the Dieckmann condensation employing potassium hydride as a base [4e]. Actually, we could not reproduce the Dieckmann condensation of (E)-diester 7a ( Table 2 , Entry 2). Searching for an alternative base was not fruitful. Bulkier alkoxy groups in diesters were also hydrolyzed easily ( Table 2 , Entries 3~6). The electron withdrawing alkoxy group in 7d did not enhance reactivity towards the Dieckmann condensation ( Table 2 , Entries 8 and 9). Addition of O,Nbistrimethylsilyl amide, trimethyl-chlorosilane or other reagents to quench hydroxylic impurities was not effective. Fortunately, the azeotropic removal of moisture from the starting material 13a with toluene improved the chemical yield to afford the desired macrocyclic compound 14a [19] in 54% yield ( Table 2 , Entry 1). Slow addition of the diethylester 13a by syringe pump was effective without employing a large amount of solvent. The rest of the product was dicarboxylic acid. The issue on hydrolysis of diesters 13 might be solved in a larger scale preparation. Hydrolysis of the macrocyclic -ketoester 14a, followed by decarboxylation provided (Z)-civetone (1) as an inseparable mixture with double bond isomers in a ratio of 90:10 (NMR) [20] . In summary, we have achieved the synthesis of (Z)-civetone (1) from a sustainable source, oleic acid (1), via linear combination of solvent free homo-metathesis, semi-hydrogenation and Dieckmann condensation.
